
1 2 2 3

1

464-8603
E-mail: itoh@nul.nagoya-u.ac.jp 

2 464-8603
E-mail: h035108m@mbox.nagoya-u.ac.jp, hausn@civil.nagoya-u.ac.jp 

3 485-8550
E-mail: yoshihisa.yamamoto@tri.tokai.co.jp 

Key Words: natural rubber bearing, heat oxidation deterioration, performance change 

1)

2)

3)

4) (Natural 
Rubber NR )

NR
NR

Pelham
NR 5)

NR
NR

FEM NR
NR

NR

NR

NR 220 150 50mm
 6)

 [ ]  [days]

60 31 , 60 , 100 , 200 , 300

70 12 , 22 , 38 , 75 , 113NR

80 4 , 8 , 14 , 28 , 42 

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

255



2mm 4 JIS 3
7)

25 500

NR
8)

100
NR

NR

(
)

9)

(1)
6)

T
d exp* (1) 

d* T

=8.0 10-4mm, =3.3 103K
6)

6) 25
500

tkU ss (2)

43
2

2
3

1 aaaaks (3)

Us t
ks

a a
60

a =0.0005 a = 0.0042  a =0.0082  a =0.0096
NR

U
6)

sUw
U

tU 1
0

(4) 

U(t) U0 t
w x

d* l

lxdl
d

dlx

dlxd

dx
d

dx

w

*
2

*

*

**

*
2

*

*

0

0

(5) 

d* d*

NR M100

(70 )

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

256



FEM

10), 11)

Cauchy
Cauchy

10), 11)

ABAQUS12)

NR

Yeoh 12), 13), 14)

( )

23

30

2

2010 1
2

333 JICICICU CCC

(6) 
( )

3

30

2

2010 333 CCC IDIDIDW

(7) 
U W

Cauchy-Green
C 1 J
F J = detF

C10 C20 C30 D10 D20 D30

(6)
10) G

1.0MPa 2.0

103MPa
0.5 1)

Yeoh

12), 13)

=5.0 102MPa ( =2.0 103MPa)

E

(GA) 10), 15), 16)

dtTTE me (8)

Te Tm

Cauchy Yeoh

Stress 

Strain

x

*1/2

x

FEM

Material 

Definition

FEM

CI

0 1 2 3 4 50

5

10

15

20

25
 (virgin)

    (virgin)
 (aged)

    (aged)

[M
Pa

]

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

257



Cauchy
=1+

FEM

x
FEM

120mm 10

120mm

5 (1) 17)

25 50 600mm NR

5 10 20 3 600mm

10 20
10

Pelham
NR 5) FEM

Pelham Lincoln

1957
613 410mm 5
18.4mm 6.4mm

6.4mm

5) 1.96
106N 5.88 105N

2.8cm( = 30%)

FEM
FEM

Pelham

0 N 10), 

11)

FEM
1)

FEM Pelham NR
38

5 FEM

9 +8.0

NR NR

FEM

 5 10 15 20  25 [ ]
20 40 60 80 100 [ ]

(5.4 )
(24 ) 17)

Dividing Number

H
or

iz
on

ta
l S

tif
fn

es
s 

[k
N

/m
m

]

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

258



Lincoln

9.2 [ ]

 38 (1957 1995 )

 613 410 181mm 

5 18.4mm

2 6.4mm

[kN/ ]
3.86 105

[kN/ ]
3.86 103

70.0

NR

3

3

10) , 11)

( 205GPa 0.3)

4,596

11,820 

27,324 

FEM

x

[mm]

C10

[MPa]

C20

[MPa]

C30

[ 10 3MPa]

D10

[MPa]

D20

[ 10 3MPa]

D30

[ 10 3MPa]
0

[MPa]

N

[MPa]

0 12 0.25 0.058 0.54 3.7 5.3 0.57 0.76 0.24 500 

12 24 0.61 0.040 0.29 2.9 7.4 0.02 0.28 0.52 500 

24 36 0.51 0.043 0.33 2.7 7.2 0.22 0.32 0.38 500 

36 48 0.43 0.045 0.39 2.9 7.7 0.40 0.37 0.33 500 

48 60 0.43 0.046 0.41 2.8 6.7 0.32 0.34 0.35 500 

60 72 0.43 0.046 0.43 2.8 3.0 0.29 0.33 0.35 500 

72 84 0.40 0.046 0.44 2.6 7.0 0.28 0.34 0.34 500 

84 96 0.32 0.049 0.48 2.6 7.3 0.45 0.44 0.30 500 

96 108 0.33 0.048 0.48 2.8 5.6 0.25 0.37 0.35 500 

108 120 0.29 0.051 0.51 2.6 6.5 0.65 0.44 0.35 500

( 9.2 38 )

* x FEM

C10

[MPa]

C20

[MPa]

C30

[ 10 3MPa]

D10

[MPa]

D20

[ 10 3MPa]

D30

[ 10 3MPa]
0

[MPa]

N

[MPa]

0.29 0.051 0.51 2.6 6.5 0.39 0.44 0.35 500 

1960kN 

( 8.3MPa)

588kN 

( 2.5MPa) 28.0mm 

( 30 )

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

259



FEM
600mm 1000mm

FEM

18)

FEM

600mm NR
5.9MN/m

5.6 1000mm NR
10.8MN/m

6.8

NR

600mm NR
1

5 100
10

25 20

1000mm NR

[mm] 600 600 1000 1000

[mm] 19 25 

[mm] 4.5 4.5 

[mm] 10.0 10.0 

5 5 

4 4 

7.89 10.0 

[kN] 960 2670 

[mm] 166.3 218.8

[mm] 
600 600 1000 1000 

4,080 4,236 

10,650 11,124 

24,390 25,332 

FEM

( 2.67MPa) 
( 175 )

600mm NR

432 MN/m 427 MN/m 1%

523 MN/m 497 MN/m 5%

+21% +16%

3.86 MN/m 3.75 MN/m 3%

4.21 MN/m 4.04 MN/m 4%

+9% +8%
-180 -120 -60 0 60 120 180-800

-600
-400
-200

0
200
400
600
800

Displacement [mm]

Fo
rc

e 
[k

N
]

 Virgin
 38 years

FEM 38

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

260



1000mm NR
600mm
NR

5)

NR

FEM
NR

FEM
NR

1) 

2) 

NR

FEM

Kh
19)

R
h nt

GAK (9) 

G A
n tR

(9) G

(a) (b)

600mm NR

(a) (b)

1000mm NR

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

261



R
h nt

QK (10a) 

dAyxfGGdAQ ),(0 (10b)

G0 G
f (x,y)

a b
( ) 6) d* NR

NR A B C D
NR

f (x,y)
(10) Q

A
A

f f=1 (7) Q

**
0 22 dbdaGQA (11)

QA (11) Q A

B x C y

2 B x 0
f

6)

sx fwxff 1 (12) 

2

*

*2
d

dax
wx (13) 

fs
(12) (13) B C

sCB fdbadGQQ
3
1142 **

0 (14) 

D

D
f

D 1 f
x>y f x
x<y y

x=y
D

(13)

214 2*
0 sD fdGQ (15)

[10 4mm] [103K 1]

Ea

[104J/mol]

R
[J/mol/K]

Tref

[K]

NR 8.00 3.31 9.94 8.31 343 

NR

C

B

a

b

d* 

y

x

C

B

D

D

D

D

A

D

f

x
y

d* 

f

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

262



(11) Q

214

3142

22

2*

**

**
0

s

s

fd

fdbad

dbdaGQ

(16) 

(16)

NR
Kh/Kh0

sshh fkGabQKK 1// 0  (17) 

abdbadks 3/)(2 **  (18) 

NR fs
FEM

fs

T t
Tref tref

Ea R
ks

(1) (17)
ks 60

fs

TTR
E

t
t

ref

aref 11ln (19) 

515.0066.0 refs tf   (20) 

(1)

(19)
(20)
(17) NR

Pelham
+7.8

FEM

NR
19)

NR

NR

NR

NR UB

Umax/UB  0.1 
YES

YES
NO

NO

60

f s

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

263



NR
KBe

NR UB 70
UBe

20)

NR

10
NR

NR

(a)  ( 8.5 )    (b)  ( 12.1 )

(c)  ( 15.9 )    (d)  ( 15.4 )

(e)  ( 16.6 )    (f)  ( 22.7 )

NR

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

264



NR

NR
100

400mm NR 24
1200mm 8

600mm NR

600mm NR 100
17

14.2 100
10

1) 

FEM FEM

2) FEM

3) 

NR
4) 

(B)(2)( 1560237)

1)

pp.307-328 2001

2)

Vol.69 No.4 pp.233-246 1996

3) 10

ISO

Vol.58 pp.765-766 2003

4)

 NR  (600 600)

土木学会論文集Ａ   Vol.62 No.2, 255-266, 2006. 4

265



No.794 I-72 pp.253-266 2005

5) 40

pp.439-446 1996

6)

No.801 I-73, pp. 185-196, 2005

7)

p.1717 1999

8) Wise, J., Gillen, K.T. and Clough, R.L. Quantitative Model for 

The Time Development of Diffusion-limited Oxidation Profiles, 

Polymer, Vol.38, No.8, pp.1929-1944, 1997

9)

Vol.45 No.1 pp.44-49 1995

10)

No.710 I-60 pp.37-52 2002

11) 3

No.717 I-61

pp.37-52 2002

12) ABAQUS Standard ver.6.4 USER’S MANUAL, 2004

13) Yeoh, O.H. Characterization of Elastic Properties of Carbon 

Black Filled Rubber Vulcanizates, Rubber Chemistry and 

Technology, Vol.63, pp.792-805, 1990

14) Ogden, R.W. Non-linear Elastic Deformations, Halsted Press, 

pp.1-87, 1984

15) GA

16 1

Q pp.147-155 2001

16) Liu, C., Hammad, A. and Itoh, Y. Maintenance Strategy 

Optimization of Bridge Decks Using Genetic Algorithm, J.

Transportation, ASCE, Vol.123, No.2, pp.91-100, 1997

17) http://www.jma.go.jp

18)

p.200 2004

19)

pp.151-204 1991

20)

No.619

I-47 pp.177-192 1999

STUDY ON THE DETERIORATION CHARACTERISTICS OF  
NATURAL RUBBER BEARINGS 

Yoshito ITOH, Kazuya SATOH, Haosheng GU and Yoshihisa YAMAMOTO 

Rubber bearings show large changes in their performances due to the heat oxidation deterioration. 
Their performance changes in any construction site have not been clarified. Therefore, the long-term 
deterioration of rubber bearings is not considered in the current design method. In this research, 
performance changes of natural rubber bearings at any site could be estimated. It was clarified how the 
performance changes of natural rubber bearings depended on the time, the temperature and the size of the 
rubber bearings. Then, the design formula was proposed, which could estimate the horizontal stiffness of 
deteriorated rubber bearings in any construction site. 
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